Introduction
============

As of 8 June 2020, the coronavirus disease 2019 (covid-19) pandemic has been responsible for more than seven million confirmed cases worldwide, including more than 400 000 deaths. In many countries, healthcare facilities have been overwhelmed by a surge in cases, especially patients requiring intensive care. In the absence of evidence for effective treatment regimens or a successful vaccine, the most pragmatic recommendation has been to advise physical distancing (referred to by some as social distancing) to minimise person-to-person transmission[@ref1] with a view to flattening the epidemic curve.[@ref2] [@ref3] [@ref4] The main aim of physical distancing is to prevent more rapid spread of covid-19 and to allow more time for public health and healthcare services to become better prepared for the prevention and management of the disease.[@ref4] [@ref5] Although most countries have implemented some policy interventions aimed at physical distancing (eg, closure of schools, workplaces, and public transport, and cancellation of public events), data on the effectiveness of, and adherence to, those policy interventions is scarce. To date, little evidence exists on the comparative effectiveness of specific combinations or sequences of interventions.

Most of the evidence on the postulated effectiveness of physical distancing interventions comes from modelling studies.[@ref2] [@ref3] [@ref4] A recent Cochrane systematic review[@ref6] reported that all evidence of physical distancing interventions on covid-19 related morbidity and mortality comes from modelling studies, and only four observational studies focused on severe acute respiratory syndrome and Middle East respiratory syndrome. The UK Department of Health also highlighted the limited availability of robust data on the effectiveness of these measures on influenza.[@ref7] Two recent studies from Wuhan, China[@ref8] and Hong Kong[@ref9] reported a reduction in the number of confirmed cases and transmission of covid-19 associated with physical distancing policy interventions. The data on global effectiveness of these interventions are, however, limited.

Given the impact of the covid-19 pandemic on health and economies worldwide, evidence is urgently needed to inform policy responses. In this natural experimental study across 149 countries we used interrupted time-series analyses to compare the change in incidence of covid-19 before and after implementation of policy interventions for physical distancing.

Methods
=======

Data sources
------------

We obtained data on policy interventions for physical distancing from the Oxford covid-19 Government Response Tracker, a study that tracks national government policy measures in response to the covid-19 pandemic globally (to 30 May 2020).[@ref10] The details of this database, the first such initiative in the context of the covid-19 pandemic, have been described in a working paper.[@ref10] Briefly, a dedicated team of public policy and governance experts based at the University of Oxford collects official data on public policy measures adopted by governments around the world to deal with the covid-19 global pandemic, including physical distancing policies and economic and other healthcare related measures. Our primary interventions of interest were those aimed at physical distancing. These include closures of schools and workplaces, restrictions on mass gatherings (a combination of two variables: cancellation of public events and restrictions on gathering), public transport closure, and lockdown (a combination of two variables: stay at home regulations and restrictions on movements within a country). We merged similar variables related to restrictions on mass gatherings and lockdown because effectively the same concepts are measured and because in most of the countries these restrictions were implemented together, or within a short interval, making it difficult to separate the individual effects. To check the robustness of our primary analysis, we conducted a sensitivity analysis with the seven variables separately.

From the European Centre for Disease Prevention and Control, we collected data on the number of reported cases of covid-19 (to 30 May 2020), as well as the 2019 population estimates.[@ref11] Other population and demographic data---for example, percentages of populations aged 65 years or older (2018 estimates) were from the World Bank data portal.[@ref12] Gross domestic product (GDP) per capita (2018 estimates) were from the International Monetary Fund.[@ref13] The 2019 Global Health Security Index (HSI), a measure of a country's emergency pandemic preparedness developed by the Johns Hopkins University, was from the official report.[@ref14] Data on covid-19 testing (per million) were collected from a variety of sources (see appendix, pp6-7).

Statistical analysis
--------------------

We used an interrupted time series analysis of each country's data to model the population incidence of covid-19 over time and to estimate the impact of each intervention on the change in incidence of covid-19. This approach allows each country to act as its own control (pre-intervention being the control). Counts of covid-19 cases were modelled using Poisson regression, with the log of the total population size as an offset. The model was used to estimate the incidence rate ratio for development of covid-19 after versus before each intervention within each country.

In this analysis we used an interrupted time series regression model, using the equation:

*log(Y~t~)=β~0~+β~1~T+β~2~X~t~+β~3~Z+β~4~(log(total population))*

where *Y~t~* represents the number of covid-19 cases at time *t*, *T* represents the number of days since the start of follow-up (ie, days since first reported case), *X~t~* is a dummy variable that equates to 0 for the pre-intervention period and 1 for the post-intervention period, and *Z* represents days since the intervention (equates to 0 for the pre-intervention period). Here, *β~0~* represents the baseline level of the outcome (number of covid-19 cases) at *t*=0, *β~1~* represents the change in the outcome each day pre-intervention, *β~2~* represents the change in the level of outcome immediately post-intervention, and *β~3~*, our primary parameter of interest, represents the difference in the slope post-intervention (slope B in appendix, pp2-3) compared with the pre-intervention period (slope A in appendix, pp2-3).

Since these policy interventions are not expected to have immediate effects,[@ref15] we hypothesised a seven day lag time (decided a priori) for each intervention to take effect, to coincide with the approximate incubation period of severe acute respiratory coronavirus 2 (SARS-CoV-2),[@ref16] the virus responsible for covid-19, and a recent empirical study.[@ref17] Therefore, we considered the first seven days of the implementation of the intervention as part of the pre-intervention period along with any period before the policy intervention (see appendix, pp2-3). To be eligible for the analysis, countries had to have seven days or more of data after the reported date of intervention implementation, and 30 cases or more by 30 May 2020 (for model convergence).

Because the epidemic curves are different across the countries studied, use of specific calendar time (eg, 30 May) in the statistical analysis will result in some countries having a substantially longer post-intervention follow-up time than others. As the incidence inevitably decreases with the decline in the epidemic curve, such an approach might show the efficacy of the intervention with greater certainty but could also overestimate the intervention effect. We therefore restricted the post-intervention follow-up time to 30 days since the implementation of a policy, or 30 May 2020, whichever occurred first. This analytical approach also maintains comparability across the countries analysed in meta-analysis.

We also added a scale parameter to the regression equation set as the Pearson χ^2^ statistic divided by the residual degrees of freedom,[@ref18] to deal with overdispersion (when the variance is larger than the mean, which is a violation of an assumption of Poisson regression) associated with count data.[@ref19] Models were also checked for autocorrelation.

Random effects meta-analysis was then used to combine these rate ratios (the incidence rate of covid-19 post-intervention compared with the incidence rate pre-intervention) estimated for individual countries.[@ref20] This analysis ascertains whether implementation of any of the physical distancing interventions was associated with an effect on the incidence of covid-19.

Since many country level characteristics might affect both the policy intervention and the incidence of covid-19, we assessed several of these factors in meta-regression, including days between the first reported case and implementation of the first intervention (representing a delay in introduction of the policy), GDP per capita (representing a measure of economic standing, as it is known that covid-19 disproportionately affects those in lower income groups),[@ref21] [@ref22] percentage of population aged 65 years or older (to account for population demographics, given the substantially increased risk shown with age),[@ref23] and diagnostic testing rate for covid-19 (because testing has varied within individual countries, and across countries at the same time).

We used random effects meta-analysis to examine the comparative effectiveness of different combinations and sequences of policy interventions. Because the combinations and sequence of interventions do not differentiate between being implemented together or apart, we considered interventions to occur together only if they were implemented within a seven day timeframe. The eligibility criteria to be included in this analysis are the same as those for the primary analysis (ie, at least seven days of data after the intervention and at least 30 cases of covid-19 by 30 May 2020). Additional inclusion criteria include at least a seven day interval between two successive interventions (or combinations of interventions) for valid estimation of the incidence rates and corresponding 95% confidence intervals. We also expanded our time series model to separate out the intervention effects (see appendix, pp2-3). By separating out the effects of interventions implemented in a staggered way, this model also allowed us to examine the comparative effectiveness of early compared with late lockdown. For each specified policy intervention, we report the effect measures as rate ratios comparing the rates of development (slope) of covid-19 before and after each intervention.

All statistical analyses were performed using Stata statistical software (version 14.2)[@ref24] or Python (version 3.6).[@ref25]

Sensitivity analysis
--------------------

We tested the robustness of our primary analysis using a series of sensitivity analyses. Firstly, we conducted a sensitivity analysis with all seven components of physical distancing interventions separated (as opposed to merging related variables). Then we examine the robustness of our primary seven day lagged analysis, using two additional sensitivity analyses for a five day and a 10 day lagged time frame. Finally, as larger countries might have greater within country variability in the implementation of these interventions, we conducted a sensitivity analysis excluding Brazil, Canada, China, India, Russia, the United Kingdom, and the United States.

Patient and public involvement
------------------------------

This study did not involve patients and the public directly and, given the rapidity of the research, patient and public involvement was not considered viable in this case. However, our findings will be widely disseminated to the public through official (press release, institutional websites, and repositories), personal, and social communication tools.

Results
=======

Overall, 149 countries implemented at least one of the five physical distancing policies between 1 January and 30 May 2020 (flowchart in appendix, p9), with at least seven days of data on incidence of covid-19 post-intervention available for analysis. [Figure 1](#f1){ref-type="fig"} shows each country and its physical distancing policies. The appendix provides the trajectory of confirmed covid-19 incidence, along with the timeline of policy implementation for each country, as well as the model predicted covid-19 incidence rates for individual countries (pp33-330). In most countries there was little evidence of residual autocorrelation.

![Physical distancing policies implemented by countries globally. Country codes used are based on the Alpha-3 codes by International Organization for Standardization (see appendix, pp4-5)[@ref25]](isln059328.f1){#f1}

Overall impact of physical distancing interventions
---------------------------------------------------

All the countries included in the analysis (except Belarus and Tanzania) had implemented at least three of the five physical distancing measures by 30 May 2020. All five measures were in place in 118 countries, whereas 25 countries had four policy measures and four countries had three. On average, policies were first implemented 9 days (SD 13 days) after the first reported case. Countries with the longest interval until first implementation of any of the physical distancing policies were Thailand (58 days), Australia (51 days), Canada (46 days), Sri Lanka and the UK (45 days), Finland and Malaysia (42 days), and Cambodia, Sweden, and the US (40 days).

The pooled estimates from 149 countries showed an overall decrease of 13% (pooled incidence rate ratio (IRR) 0.87, 95% confidence interval 0.85 to 0.89; P\<0.001) in the incidence of covid-19 associated with implementation of any of the physical distancing policies ([fig 2](#f2){ref-type="fig"}). Heterogeneity across countries was low (I^2^=19%).

![Pairwise meta-analysis on the association between physical distancing interventions and change in incidence of coronavirus disease 2019. Effects are reported as incidence rate ratios (95% confidence intervals). I^2^=an estimate of the percentage of total variation across the countries that is due to heterogeneity rather than chance.[@ref26] Country codes used are based on the Alpha-3 codes by International Organization for Standardization (see appendix, pp4-5)[@ref25]](isln059328.f2){#f2}

Meta-regression did not identify any effects on the IRR of days since the first reported case of covid-19 until the first implementation of physical distancing policies (P=0.57) and covid-19 testing rate (P=0.71; n=112). However, a higher GDP per capita (P=0.09), higher percentage of population aged 65 years or older (P\<0.001), and higher country health security index (P=0.008) were associated with a greater reduction in the pooled IRR (see appendix, p268).

Comparative effectiveness of physical distancing interventions
--------------------------------------------------------------

### Number of interventions

Compared with the pre-intervention period, the rate of reduction in incidence of covid-19 was similar with the five physical distancing measures implemented together (pooled IRR 0.87, 0.85 to 0.90; n=118 countries) compared with changes in incidence in countries with four measures implemented (pooled IRR 0.85, 0.82 to 0.89; n=25 countries) ([fig 2](#f2){ref-type="fig"}). A smaller change in incidence of covid-19 was associated with a three intervention combination (pooled IRR 0.88, 0.77 to 1.00) even though this applied to only four countries.

### Combination of interventions

[Figure 3](#f3){ref-type="fig"} details the association between incidence of covid-19 and combinations of physical distancing interventions, implemented together within a seven day time frame (see appendix pp10-15 for detailed results of the meta-analysis). The decrease in incidence of covid-19 associated with a combination of school closures, workplace closures, restrictions on mass gatherings, and lockdowns (pooled IRR 0.87, 0.84 to 0.91; n=32 countries) was similar when closure of public transport was additionally implemented---that is, all five measures were in place (pooled IRR 0.85, 0.82 to 0.88; n=72 countries). A combination of school closures, workplace closures, and restrictions on mass gatherings with or without closure of public transport was consistently associated with a beneficial effect of a decrease in incidence of covid-19. Evidence was insufficient to determine the association between covid-19 incidence and other combinations of interventions without restrictions on mass gathering ([fig 3](#f3){ref-type="fig"}).

![Association between the combinations of physical distancing interventions and change in incidence of coronavirus disease 2019. I^2^=an estimate of the percentage of total variation across the countries that is due to heterogeneity rather than chance[@ref26]](isln059328.f3){#f3}

### Sequence of interventions

[Figure 4](#f4){ref-type="fig"} shows the association between the sequence of interventions and the change in the incidence of covid-19 (also see appendix, pp16-25). No consistent pattern of association was found for any specific sequence of interventions. When the effect estimates from all the countries were pooled together, however, a greater reduction in incidence of covid-19 was associated with earlier implementation of lockdown (pooled IRR 0.86, 0.84 to 0.89; n=105 countries) as opposed to later implementation (pooled IRR 0.90, 0.87 to 0.94; n=41 countries) (see appendix, pp26-27).

![Association between the sequence of physical distancing interventions and change in incidence of coronavirus disease 2019. I^2^=an estimate of the percentage of total variation across the countries that is due to heterogeneity rather than chance[@ref26]](isln059328.f4){#f4}

Sensitivity analysis
--------------------

When the seven physical distancing policies were considered separately (ie, without merging the two mass gathering interventions or the two lockdown measures), the estimated effects of any physical distancing intervention were similar to those of the primary analysis (IRR 0.86, 0.85 to 0.88) (see appendix, p28). Results from the analysis excluding the seven largest countries were virtually identical to those of the primary analysis (IRR 0.87, 0.85 to 0.89) (see appendix, p29). When a five day lagged time frame was used in the sensitivity analysis, the model did not converge for seven countries (Gabon, Djibouti, India, Indonesia, Libya, Sudan, and Togo) owing to either a shorter pre-intervention follow-up time or fewer cases in the pre-intervention period. Results for the remaining 142 countries were, however, similar to those of the primary analysis (IRR 0.88, 0.87 to 0.90), as were those from the analysis using a 10 day lagged time frame for all 149 countries (IRR 0.86, 0.84 to 0.88) (see appendix, pp30-31).

Discussion
==========

In this study, five commonly introduced physical distancing interventions in 149 countries were associated with on average a 13% reduction in the incidence of covid-19. No additional benefit was found associated with closures of public transport when a combination of school closures, workplace closures, restrictions on mass gatherings, and restrictions of population movement (ie, lockdown) was in place. A greater reduction in incidence was observed when restriction on mass gatherings was included in the intervention combination, and when lockdown was implemented earlier along with school and workplace closures. The reduction in incidence of covid-19 associated with physical distancing interventions was greater in high income countries (higher GDP per capita), those with an older population (higher proportion of population aged ≥65 years), and those with stronger preparedness for the pandemic (country health security index).

Comparison with previous research
---------------------------------

Our finding of a beneficial effect associated with physical distancing interventions aligns with the findings from a recent epidemiological study, which reported data on the covid-19 epidemic in Wuhan, China.[@ref8] This study found that a reduction in incidence of covid-19 was associated with a series of non-drug interventions (eg, "cordons sanitaire" or restrictions on movement, traffic restrictions, social distancing, home quarantine, centralised quarantine, and universal symptom survey). A similar study from Hubei and Guangdong in China also reported a reduction in incidence of covid-19.[@ref17] A study from Hong Kong also reported a decrease in the transmission of SARS-CoV-2 associated with physical distancing interventions.[@ref9] A recent study compared the incidence of covid-19 between Spain and Italy and reported a reduction in incidence of covid-19.[@ref26] Previous studies that examined historical data on the physical distancing interventions during the 1918-19 influenza pandemic in the US reported "strong" beneficial effects from school closures, bans on public gatherings, and isolation and quarantine.[@ref27] A more recent study on the economic consequences of the 1918-19 influenza pandemic concluded that physical distancing interventions were associated with a lower mortality.[@ref28] This study also reported that despite adverse effects on the economy from the global pandemic, regions that took earlier and aggressive physical distancing measures grew faster economically in the post-pandemic period.[@ref28] Other modelling studies on covid-19 also predicted a reduction in incidence of the disease associated with physical distancing interventions.[@ref2] [@ref3] [@ref4] As outlined in the UK Department of Health's scientific summary on the effectiveness of policy interventions, it is difficult to compare study results because of heterogeneity in methods and approaches.[@ref7] This report highlighted the conflicting findings on, for example, school closures and mass gatherings. Previous studies and reviews on severe acute respiratory syndrome and Middle East respiratory syndrome also highlighted the lack of robust data on effectiveness.[@ref6] [@ref7] [@ref29] Our findings add to this evidence base and should help to inform governmental policies on the implementation of combinations and sequences of physical distancing interventions in the future.

Strengths and limitations of this study
---------------------------------------

In this large empirical study reporting on the potential effectiveness of physical distancing policies on the incidence of covid-19, we pooled data from 149 countries, which varied in terms of economic development and political and health systems. We employed a rapid, comprehensive, and robust methodological and analytical approach to evaluate emerging data on the covid-19 pandemic, and we estimated the relative effectiveness of different policy interventions within each country. Our study answers key questions about the combination and sequence of physical distancing interventions. Closure of public transport can be problematic, especially for those working in vital services, including health, care giving, and emergency response roles. Our study suggests that, in the presence of other physical distancing measures, closure of public transport might not substantially enhance disease control. Closure of schools and workplaces and restrictions on mass gatherings leave fewer people to use public transport, and this might help to make it easier to maintain physical distancing among people working in the key service sectors. We found that intervention combinations that included restrictions on mass gatherings were consistently associated with a greater reduction in incidence of covid-19. We also found that earlier implementation of restrictions on the movement of populations (lockdown) was associated with a greater reduction in incidence of covid-19, as previously suggested by modelling studies.[@ref2] [@ref3]

Our study does, however, have limitations. Firstly, we relied solely on the Oxford covid-19 Government Response Tracker, which tracks the measures taken by governments around the world to tackle the covid-19 pandemic.[@ref10] The curators of this database emphasised that they took care to ensure the validity of the collected data. In all practicality, however, it is challenging to collect information on the exact date, nature, and extent of the policies by the different governments. Although our study design enabled us to conduct a comparative effectiveness analysis, it is difficult to know exact combinations and sequences of the interventions, especially when implemented within a short period. This high level dataset might obscure qualitative differences in each of the five physical distancing measures across countries. Moreover, many local and cultural factors can affect the implementation of interventions--that is, what is acceptable in one national context might not be so in another, and compliance might therefore vary widely; we did not assess compliance in this dataset. This variation might be compounded by wide differences in the ability of countries to provide additional monetary and other resources to support the implementation of interventions, although controlling for GDP in this study might have allowed for this to an extent. In many settings, a government declaration does not equate to a mandatory implementation. For example, under Japanese constitutional law, Japan's government does not have the legal authority to compel the closure of workplaces. This might also be the case in other jurisdictions.

A key limitation is that our study design did not allow us to assess the optimum time for implementation of these physical distancing interventions; nor were we able to define the optimum time for lifting of these restrictions. Even though our data were suggestive of a greater benefit if the cancellation of public events and lockdowns are implemented earlier, along with closures of schools and workplaces, many of these estimates came from only a few countries. Our findings therefore should be interpreted with caution. In our meta-regression analysis, we found that the time between the first reported case of covid-19 and implementation of physical distancing policies was not significantly associated with the incidence of covid-19. This is contrary to anecdotal data from some countries that implemented these policies earlier (eg, South Korea) and reported success in slowing down the rate of transmission of SARS-CoV-2. Nevertheless, collated evidence from around the world (see appendix, p32) is far from confirmatory. Many countries implemented physical distancing policies earlier than others but failed to slow down the transmission of SARS-CoV-2. Overall, however, we found that earlier implementation of lockdown together with other physical distancing policies was associated with a larger reduction in the incidence of covid-19.

We did not include restrictions on international travel as this measure, although an important element of a viral containment strategy, is not strictly a physical distancing measure. Moreover, international travel restrictions of one country often affect other countries, regardless of whether those affected countries have implemented the same restrictions; this could violate the assumption of independence across the countries in the meta-analysis.

A further limitation is that, in addition to physical distancing measures, countries have implemented a wide range of other interventions that might be equally or more effective, including deployment of healthcare staff,[@ref30] healthcare financing,[@ref31] increased numbers of hospital beds[@ref30] or ventilators,[@ref32] increased and effective supply of personal protective equipment,[@ref32] use of face coverings (including face masks) by the general population,[@ref33] [@ref34] [@ref35] and mobile phone apps for contact tracing and isolation.[@ref36] [@ref37] This is not an exhaustive list of potential ways to reduce the transmission of SARS-CoV-2.[@ref38] We were unable to examine the deployment of such measures in this study owing to lack of valid and robust data in most of the countries. Future research will be able to examine these effects with better data availability.

We attempted to collect data on covid-19 testing rates by country, but we could only identify data for 112 countries from a variety of sources, and the validity of these data might be questionable. The outcome metric in our study was incidence, which could be influenced by testing rates. However, testing rates were potentially stable during our study period, as we restricted the analysis up to 30 days post-intervention implementation; covid-19 testing rate was not found to be a significant factor in our meta-regression analysis. Nevertheless, valid longitudinal data on covid-19 testing are yet to become available. Therefore, examining the longitudinal effect of covid-19 testing on the results reported will only be possible when robust data are available.

Ideally, we would also have examined death rates, but at this stage of the pandemic, the numbers of deaths in countries are lower, especially for those only recently experiencing the epidemic and for those that have successfully minimised the numbers of deaths. Covid-19 related deaths are also likely to be under-reported.[@ref30] [@ref39] Future research with more complete data on incidence and mortality will help to validate these results, as well as estimate the long term effects more precisely.

Another potential limitation was our inability to examine within country heterogeneity in the implementation of these policy interventions, which is particularly relevant for large countries such as Brazil, Russia, and the US. Although not a perfect solution, we conducted a sensitivity analysis excluding the seven largest countries in our dataset, and the results of our primary analysis remained unchanged. As more data become available at smaller geographical levels, future studies should examine within country heterogeneity.

Lastly, the incidence of covid-19 is still increasing in most countries. We only assessed the short term effectiveness of physical distancing interventions.[@ref8] Further analyses over time will be needed to influence policy decisions.[@ref40]

Interpretation and implications for policy and practice
-------------------------------------------------------

Despite a range of limitations in our study, the findings suggest beneficial effects of physical distancing interventions in combination, especially restrictions on mass gatherings along with school and workplace closures, allowing the maintenance of active public transport for people working in the key service sectors. Our finding of no additional benefit associated with public transport closure when other interventions are in place is likely a result of fewer people using public transport, making it more convenient to maintain physical distancing during essential travel. The sequence and timing of interventions might also be important, with earlier implementation of restrictions on mass gatherings and restrictions on movement (lockdown) showing promise. The results from this study should help inform public health policy on the effect of implementation of interventions on the incidence of covid-19. However, more empirical data will be required to help decide which interventions to lift first as the epidemic curve starts to flatten, or which interventions to implement should further waves of the covid-19 pandemic occur, as has been suggested.[@ref41] [@ref42] As found in our analysis, a combination of interventions without restrictions on public gathering might not play a substantial role in flattening the epidemic curve.

While some forms and combinations of physical distancing policies will likely remain in place until a successful treatment or vaccine for covid-19 becomes available, the psychosocial effects of prolonged restrictions need to be properly assessed.[@ref43] [@ref44] Communicating these psychosocial issues with the public and patients remains a challenging task for public health, primary care, and mental healthcare providers.[@ref43] [@ref44] [@ref45] Although some guidelines exist, these are not comprehensive,[@ref45] and further research should explore the most effective ways to communicate risk and risk reduction in trusted and non-judgemental ways.

Unanswered questions and further research
-----------------------------------------

Further research is needed to provide more definitive answers to remaining questions about the extent, intensity, combinations, and sequence of physical distancing interventions, as well as the need for additional interventions, in the short, medium, and long term. Further work that distinguishes physical distancing interventions better in terms of their capability to reduce transmission will help to determine their potential for risk reduction. Urgent work is needed to ensure the validity and reliability of data on covid-19 testing, incidence, mortality, and implementation and compliance with interventions. In our study we have only been able to provide a rapid and relatively crude assessment of physical distancing at a relatively early stage of the covid-19 pandemic. As the pandemic continues to evolve, it will be crucial to repeat and extend this analysis to assess the impacts of interventions in the longer term, as well as to study combinations and sequence of the lifting of physical distancing restrictions.

### What is already known on this topic

1.  In the absence of evidence for effective treatment regimens or a successful vaccine for coronavirus disease 2019 (covid-19), the most pragmatic recommendation has been to advise physical distancing to minimise transmission

2.  The broader aim of this recommendation was to reduce the burden from covid-19 on public health and healthcare services, and to allow time for the prevention and management of the disease

3.  Evidence on the effectiveness of these interventions to date is largely based on modelling studies, and empirical population level data on effectiveness is scarce globally

### What this study adds

1.  Data from 149 countries showed that the incidence of covid-19 decreased by an average of 13% in association with physical distancing interventions

2.  No evidence was found of additional benefits from closure of public transport when four other physical distancing measures (school closures, workplace closures, restrictions on mass gatherings, and lockdown) were in place

3.  Earlier implementation of lockdown was associated with a larger reduction in the incidence of covid-19
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